| INTRODUCTION
Bacteriospermia is one of the major problems in the artificial insemination centres as, amongst others, reduces semen quality, impairs fertility rates and causes endometritis in the recipient females (Althouse et al., 2000; Bussalleu & Torner, 2013; Maes et al., 2008) . To control bacteriospermia, antibiotics are routinely added to the semen extenders. However, an increase in bacterial resistance to them has been observed in recent years; over 90% of the bacteria isolated from seminal doses are resistant to common antibiotics added to extenders (Schulze et al., 2014) . To overcome this problem, it is important to emphasize the control of hygienic measures when obtaining semen (Kuster & Althouse, 2016) , but it is also urgent to find alternatives to conventional antibiotics. In recent decades, there has been a great effort in searching new antimicrobial agents, such as antimicrobial peptides (AMP) that are found in different live organisms (Hancock & Patrzykat, 2002 ; Peters, Shirtliff, & Jabra-Rizk, 2010; Schulze et al., 2014) . Nevertheless, the activity of the antimicrobial peptides can be toxic to sperm cells (Hancock & Patrzykat, 2002; Schulze et al., 2014) .
To determine whether protegrine 1 (PG1), a peptide of 18 amino acids that belongs to the cathelicidin family of host defence peptides (Cho et al., 1998; Tamamura et al., 1995; Zughaier et al., 2014) could replace antibiotics in semen extenders, we have analysed the effects of PG1 on sperm viability, as well as its effectiveness in controlling bacterial growth in boar seminal doses.
| MATERIALS AND METHODS
The experimental design of this study is shown in Figure 1 . Briefly, three different concentrations of PG1 (2.5, 25 and 100 μg/ml) were tested over a storing period of 10 days at 17°C, and two different con- 
| RESULTS
It is worth mentioning that the addition of AMPs did not modify pH or osmolality values.
The evolution of bacterial growth for the 10 days of study is shown in Figure 2 . When day 0 (4.0 × 10 2 ± 43.0 cfu/ml) was compared to day 10, a significant decrease was observed in all PG1 treatments (p < .05), being bacterial load at day 10 of 6.7 × 10 1 ± 33.3 cfu/ml in T1 and 0.3 × 10 1 ± 0.0 cfu/ml in T2 and T3. With regard to the control group with kanamycin (T4), bacterial load was also found to diminish over the storage period (2.7 × 10 2 ± 33.3 cfu/ml at day 10); in contrast, there was a significant increase (p < .05) in the bacterial load of the control group without any type of antimicrobials (T5), which was of 1.1 × 10 3 ± 0.0 cfu/ml at day 10.
At the beginning of the study, the percentage of viable sperm cells was 86.0% ± 3.0 ( Figure 3) . As expected, storing sperm at 17°C decreased the sperm viability in all treatments. However, the extent of that decrease differed between treatments, so that those samples containing PG1 showed significantly (p < .05) lower sperm viability that controls at day 10 (36.7% ± 3.2 in T1, 27.0% ± 0.8 in T2 and 16.8% ± 0.3 in T3 vs. 68.5% ± 0.4 in T4 and 63.7% ± 1.20 in T5).
| DISCUSSION
The addition of PG1 to the semen extender was effective in controlling bacterial growth, with better results than the controls. Although there are several mechanisms of action by which AMPs act against microorganisms, it seems the antimicrobial peptides act quickly reducing the number of viable cells during the first minutes of interaction. This specific process is based on the higher content of anionic phospholipids in the membrane of bacteria with respect to eukaryotes, where they are on the cytoplasmic side of the membrane, making them inaccessible to peptides (Zasloff, 2002) . Moreover, the presence of cholesterol in the membranes of eukaryotic cells acts as a reducing cytotoxic potential of AMPs (Giuliani, Pirri, & Nicoletto, 2007; Hancock & Patrzykat, 2002) .
Sperm viability at day 10 was better in both control groups compared to the experimental treatments; however, the lowest concentration of PG1 displayed better results than the intermediate and high concentrations tested. Other studies described that some AMPs may cause time-dependent spermicidal effects (Schulze, Dathe, Schulze, Waberski, & Müller, 2016) . The cytotoxicity of PG1 on boar F I G U R E 2 Bacterial load in semen doses after 10 days at 17°C. Different letters indicate significant differences between treatments within a given time point (p < .05) F I G U R E 3 Sperm viability in semen doses after 10 days at 17°C. Different letters indicate significant differences between treatments within a given time point (p < .05) spermatozoa could be explained by the low cholesterol content in their plasma membranes, compared to the spermatozoa of other mammal species, which would favour their interaction with PG1 and would thus affect the sperm viability (Cross, 1998) . The lytic effect of this AMP could come from its ability to induce structural changes in the membrane, resulting in the formation of pores, as stated in the barrel or toroidal models for AMPs action (Lam et al., 2012) .
In the barrel model, the peptide binds to the membrane surface through electrostatic interactions; when the attached peptide reaches a threshold concentration, it gets inserted deeper into the core of the hydrophobic membrane (Giuliani et al., 2007; Hancock & Patrzykat, 2002) . The channels formed by this process seem to underlie the further leakage of cellular material and thus cell death; however, there are still few peptides that support the evidence of the barrel model (Giuliani et al., 2007; Hancock & Patrzykat, 2002) .
Recent studies (Lam et al., 2012) give more support to the pore toroidal model (Yang, Harroun, Weiss, Ding, & Huang, 2001 ), which has also been proposed for PG1. This model is an extension of the previous one, in which the pores are covered by peptides and lipids.
The presence of negatively charged phospholipids in the lining of the pores reduces the repulsive interactions due to the high density of positive charges in the peptide and makes the structure much more stable (Giuliani et al., 2007) . First, following an increase in PG1 concentration, the edges of the lipid bilayer destabilize and a pore in the centre is formed, ending with the formation of structures in a wormlike form (Lam et al., 2012 ).
In conclusion, from the results obtained in this study, PG1 in its full form does not seem to be a reasonable candidate for replacing antibiotics in boar semen extenders due to its cytotoxic sperm effect, especially at the highest concentration (100 μg/ml). More studies assaying lower or other intermediate concentrations are needed to decide whether or not this peptide is an alternative to antibiotics.
Furthermore, studies using a truncated form of PG1 can be considered, as the effect of truncated peptides can vary completely the cytotoxic effects from its full form (Tamamura et al., 1995) .
